Aim: The purpose of the study was to isolate the sources of variations in the rates of responsecontingent learning among young children with multiple disabilities and significant developmental delays randomly assigned to contrasting types of early childhood intervention. Method: Multilevel, hierarchical linear growth curve modelling was used to analyze four different measures of child response-contingent learning where repeated child learning measures were nested within individual children (Level-1), children were nested within practitioners (Level-2), and practitioners were nested within the contrasting types of intervention (Level-3). Results: Findings showed that sources of variations in rates of child response-contingent learning were associated almost entirely with type of intervention after the variance associated with differences in practitioners nested within groups were accounted for. Rates of child learning were greater among children whose existing behaviour were used as the building blocks for promoting child competence (asset-based practices) compared to children for whom the focus of intervention was promoting child acquisition of missing skills (needs-based practices). Implications: The methods of analysis illustrate a practical approach to clustered data analysis and the presentation of results in ways that highlight sources of variations in the rates of response-contingent learning among young children with multiple developmental disabilities and significant developmental delays.
Findings from the non-nested analyses of the study participants' rates of response-contingent learning are reported elsewhere (Raab et al., 2016 (Raab et al., , 2017 . These results are included in comparative purposes to illustrate the similarities and differences in the two types of data analysis procedures. Detailed descriptions of the study methodology are included in those reports. We therefore provide only brief descriptions of certain aspects of the study inasmuch as our primary interest was the description of the multilevel analyses of the children's response-contingent learning and the sources of variations in rates of learning.
Multilevel linear modelling (Tabachnick & Fidell, 2013) , also known as hierarchical linear modelling (Raudenbush & Bryk, 2002) , was used to analyze the nested design and repeated (longitudinal) measures components of the study (Fig. 1) . A practical, nontechnical approach was used to describe the research methodology, results, and interpretation of data analysis in order for readers to be able to fully understand what was done, why, and what the results "tell us" about the differential effects of the two contrasting types of response-contingent intervention taking into consideration intervention effects related to any differences associated with practitioners implementing the contrasting types of response-contingent practices (e.g., Duncan, Jones, & Moon, 1996; Gardner, 2006; Peugh, 2010; Tate, 2004) .
Method

Participants
Among 120 children referred to and screened for study eligibility, 81 children met the eligibility criteria and were randomly assigned to either of the two types of intervention. Random assignment was done using a simple allocation approach where assignment to either intervention group was done without relationship to prior group assignments (Schulz & Grimes, 2002) . Ten children were lost to attrition and four carers never gave consent to participate. The final sample included 71 children (37 boys and 34 girls) allocated to either the asset-based (N = 42) or needs-based (N = 39) intervention practices groups. Both overall attrition (10%) and differential attrition (5%) met the What Works Clearinghouse (2014) standards for establishing a low level of bias.
The children were 17 months of age (SD = 10), on average, at the beginning of the study. The Mullen (1995) Scales of Early Learning were administered to each child at baseline to establish developmental status and degree of delay. The children were functioning developmentally, on average, at a 4 month level (SD = 3). The average developmental quotient of the children was 34 (SD = 25). There were no significant between intervention group differences for child chronological age, t = 0.09, df = 69, p = .924, child developmental age, t = 0.23, df = 69, p = .817, or child developmental quotients, t = 1.09, df = 69, p = .282.
The children had quite varied diagnoses, etiologies, and causes for their developmental delays. The children's conditions included Down syndrome, Digeorge syndrome, Rett syndrome, Menkes syndrome, Ohtahara syndrome, Coffin-Siris syndrome, and Cornelia de Lange syndrome; central nervous system disorders (lissencephaly, microcephaly, hydrocephaly); motor disorders (cerebral palsy, muscular dystrophy, centronuclear myopathy); birth-related conditions associated with poor developmental outcomes (e.g., extreme low birth weight with grade 3 or 4 intraventricular hemorrhaging); comorbidity (e.g., seizure disorders and visual impairments, hearing loss, or motor impairments); and significant developmental delays without known causes.
The children's carers included 65 mothers, 2 fathers, 2 foster parents, and 2 child guardians who implemented either intervention with the support and guidance of the early childhood intervention practitioners assigned to each group. There were no between intervention group differences for the carers' ages, t = 0.21, df = 69, p = .835, years of formal education, t = 1.49, df = 69, p = .140, or family socioeconomic status, t = 0.79, df = 69, p = .436.
Practitioners were employed based on their professional backgrounds and experiences with young children with disabilities and their families and were assigned to either intervention group depending on their beliefs and prior practices consistent with either an asset-based approach to early childhood intervention or a needs-based approach to early childhood intervention. The six practitioners had either bachelor's (N = 3) or master's (N = 3) degrees in early childhood education, early childhood special education, special education, or a related field (e.g., intellectual disabilities education). The practitioners had an average of 20 years (SD = 9) experience working with young children (Range = 8-35). All but one practitioner was female.
The practitioners assigned to either intervention group were provided extensive training over a 2-month period of time prior to the start of the interventions in terms of both the key characteristics of their assigned intervention approaches and the use of evidence-based adult learning procedures for promoting carers' use of either asset-based or needs-based practices (Dunst & Trivette, 2009; Dunst et al., 2010) . This involved investigator description and demonstration of response-contingent learning games and routines, carers' use of the games or routines and practitioner-provided supportive guidance and feedback, and ongoing coaching throughout the course of the study. Additional details regarding practitioner training are described in Raab et al. (2016 Raab et al. ( , 2017 .
Procedure
Children were eligible to participate in the study if they did not display the ability to use behaviour to intentionally produce or elicit social or non-social environmental consequences as determined by early childhood intervention practitioner observations, carer reports, and developmental assessment results. Children randomly assigned to the asset-based practices group were observed in their families' homes and their carers asked to describe behaviour in their children's repertoire but not used to produce environmental consequences (e.g., random arm or leg movements not used as operant behaviour). The children randomly assigned to the needsbased practices group were administered a criterion-referenced assessment scale to identify missing or delayed behaviour skills (e.g., items failed at the ceiling level of performance).
The same types of contingency games and routines were used to reinforce either existing child behaviour to produce environmental consequences (asset-based practices) or missing or delayed skills to produce environmental consequences (needs-based practices). The games and routines all involved environmental arrangements where a child-specific target behaviour was associated with a social or non-social reinforcing consequence. Lancioni et al. (2001) noted that the two types of interventions differ in terms of asset-based practices requiring minimal effort on the part of a child to produce environmental consequences and the needs-based approach requiring "excessively high levels of effort" (p. 271) on the part of a child to produce environmental consequences.
Practitioners made weekly or every other week visits to the families' homes and together with the children's carers developed child-specific learning games and routines that carers implemented on days between home visits. Four to six learning games and routines were developed for each child. Carers maintained weekly logs of the particular games or routines used on each day of the week with the children. Carers recorded for each day of a week if he or she played each game or routine with their children. The logs were used to compute the number of different games and routines played per week and the frequency of child engagement in the games and routines. These counts were used as dependent measures for evaluating procedural fidelity. There were no significant between intervention group differences in the number of games and routines played per week, t = 0.61, df = 69, p = .545, or the number of days per week the games and routines were played, t = 0.08, df = 69, p = .933.
Learning measures
During each home visit, practitioners used investigator-developed recording forms to code both the number of learning opportunities (trials) afforded a child per game or routine and the number of trials that resulted in the use of a non-prompted child behaviour to produce a social or non-social environmental consequence. An average of 3-4 games or routines were observed and coded per home visit where each game lasted an average of six minutes. The average length of the games and routines was 5.19 min (SD = 2.20) for the asset-based group and 7.67 min (SD = 2.38) for the needs-based group, t = 4.56, df = 69, p = .000.
Different research assistants were assigned to either the asset-based practices or needs-based practices intervention groups and made joint visits with the practitioners on 27% of the total number of visits for determining interrater agreement for the learning measures. The recording form data were used to code the number of learning opportunities (trials) played for each game or routine and the number of learning opportunities (trials) that resulted in a nonprompted environmental consequence. Interrater agreement was calculated as the number of agreements per learning trial for each game or routine divided by the number of agreements plus non-agreements divided by 100. Agreement between the practitioners and research assistants ranged between 85% and 95% for both measures (Average = 91%).
Four learning measures were computed from the recorded data: (1) Number of child learning opportunities per game, (2) total number of child contingency behaviour per game having an environmental consequence, (3) average number of contingency behaviour per game having an environmental consequence, and (4) the percent of learning opportunities (trials) per game having an environmental consequence. These were computed separately for each week of intervention and were used as the repeated measures of child response-contingent learning for evaluating changes (growth) in learning across time.
Data preparation and analysis
Hierarchical linear growth curve modelling (Raudenbush, Bryk, Cheong, Congdon, & du Toit, 2011) and SPSS (SPSS Inc., 2005) were used to evaluate the differential effects of the two contrasting types of intervention with and without the effects of early childhood intervention practitioners nested under intervention type. Each child had an average of five sets of learning data over the course of the eight weeks of intervention which were used to compute intraindividual growth curve scores for each child learning measure. Each child had a sufficient number of repeated measures to compute linear growth curve scores (Singer & Willett, 2003) .
The results from both 2-Level and 3-Level multilevel models are reported for comparative purposes as described earlier. The 2-Level model included tests for linear increases in child learning (Level-1) and tests for between intervention group differences in the slopes of child learning (Level-2). The 3-Level model included tests for linear increases in rates of child learning (Level-1), differences in rates of child learning for children nested within practitioners (Level-2), and differences in rates of child learning for practitioners nested within intervention group (Level-3). The two models differed in terms of accounting (3-Level) and not accounting (2-Level) for between intervention group differences associated with differences in rates of child learning for practitioners nested under intervention group (Woltman, Feldstain, MacKay, & Rocchi, 2012) . That is, the 3-Level model but not the 2-Level model partitioned the variance in children's rates of learning into that associated with the contrasting approaches to intervention and that associated with differences among practitioners.
Inasmuch as all children were eligible for participation in the study because they did not use operant behaviour to produce environmental consequences, each child's growth curve measures were modelled with the baseline equal to zero. This was the case because "growth models should be selected so as that individual growth parameters are interpretable in terms of the psychological process being modelled" (Willett, 1989, p. 589) . As a result, intercepts were not considered relevant because the main focus of investigation was accounting for differences in rates of child learning across the eight weeks of intervention and because not constraining the intercepts would provide unreliable estimates of baseline functioning. Prior analyses of the four child learning measures reported in this manuscript all were found to have linear functions. This was not unexpected given the fact that previous research has found that short-term longitudinal data typically have a linear function (Willett, 1989) .
Substantive interpretation of the between intervention group differences were based on Cohen's d effect sizes for the average group slopes either controlling or not controlling for variances associated with practitioners nested within groups. The effect sizes for the between group differences were computed using the formula d = b/√ tau (Feingold, 2009) where b is the regression coefficient for the between group slope differences and tau is the random effects variance component for the measurement occasion slopes. Effect sizes rather than statistical significant testing are now the recommended procedures for evaluating between group growth curve differences in multilevel data analysis (Feingold, 2013) . Table 1 shows the results for the between group differences in the average slopes for the four child learning measures for 2-Level (Raab et al., 2017 ) and 3-Level HLM analyses. These coefficients are the final estimations of fixed effects for determining whether or not the average slopes for the two types of intervention are similar or different. These estimates are analogous to tests for interaction effects in between group X repeated measures ANOVAs.
Results
The results from the 2-Level HLM analyses indicate that the average slopes for the two intervention groups were not the same as evidenced by the sizes of effects for the between group slope differences. The results from the 3-Level HLM analyses controlling for variances associated with practitioners nested within intervention groups were similar to those for the 2-Level results as evidenced by the sizes of effects for the between group slope differences. In each of the analysis of the four child learning measure in both the 2-Level and 3-Level HLM analyses, the rates of increases of child response-contingent learning in the asset-based group were larger compared to those in the needs-based group. The sizes of effects for the between slope differences were all very large indicating that there were differential and robust effects of the contrasting types of intervention favouring asset-based practices. The sizes of effect for the 2-Level and 3-Level analyses were also nearly identical for all four dependent measures which indicates that controlling for differences associated with practitioners nested within intervention groups did not substantially change the between intervention group differences. This was confirmed by the fact that there were no differences in the variances associated with the nested design random components in the 3-Level HLM analyses for any of the dependent measures, χ s 2 = 2.09 to 8.39, df = 4, p s = .077-.500.
The children's average intraindividual learning growth curve rates, standard deviations, and 95% confidence intervals for each outcome measure for the individual practitioners in both intervention groups are shown in Table 2 . Each child's linear growth curve slope score for each learning measure was computed using HLM and then analyzed using SPSS to obtain the average slope scores for Notes: RC = Response-contingent child behaviour. Practitioners 1, 2, and 3 implemented asset-based practices and practitioners 4, 5, and 6 implemented needs-based practices. CI = Confidence interval.
individual practitioners in each intervention group. These intraindividual growth curve scores are the Level-1 model outputs in both the 2-Level and 3-Level HLM analyses. The fact that the variability in the learning rates and confidence intervals are relatively large was not surprising given the heterogeneity in the children's diagnoses and etiologies and the wide range of variation in the children's developmental quotients as described in the Methods section. In every case except one, however, the average learning rates for the children in the asset-based intervention group indicate more rapid growth compared to those in the needs-based intervention group. In the majority of cases, the slopes for the asset-based intervention group practitioners were 2 or 3 times larger than those for the slopes for the needs-based intervention group practitioners. Table 3 shows the results for the nested design analyses of Table 2 data. These were computed using SPSS for a 2-Between Intervention Group ANOVA with practitioners nested within groups and each child's HLM slope scores as the dependent measures in each of the four analyses. The comparisons between practitioners within the same intervention group indicate if the effects of a particular intervention are similar or different among the practitioners implementing the same intervention practice.
There were no significant differences for any child learning measure for practitioners nested within the two intervention groups. There also were no significant differences between the child learning rates for practitioners nested within the asset-based intervention group or for practitioners nested within the needs-based group. These results indicate that there were minimal (nonsignificant) amounts of variance in rates of child learning associated with differences in the practitioners facilitating carers' use of either the assetbased or needs-based intervention practices as evidenced by the 3-Level HLM results for analyses of the variances in child learning nested within intervention group as described above.
The differences in the children's rates of learning for the children nested within practitioners for the two types of intervention are illustrated for the average number of response-contingent behaviour per learning game for each week of intervention. These patterns of learning are shown in Fig. 2 for the children nested under each practitioner for the two types of intervention. These average slopes were computed from the Level-1 HLM outputs for the final estimations of fixed effects.
Several things can be gleaned from these growth curve results. First, the average slopes for the asset-based intervention group children increase at a faster rate compared to the average slopes for the needs-based intervention group children. This was confirmed by the results shown in Table 1 . Second, the rates of child learning (slopes) for the practitioners implementing the asset-based intervention practices were more similar than different (as evidenced by Table 3 results) and the rates of learning (slopes) for the children nested within practitioners implementing the needs-based intervention were also more similar than different (also evidenced by Table 3 results).
Discussion
The methods of analyses and results from those analyses described in the paper illustrate how multilevel, hierarchical linear growth modelling was used to account for differences in rates of child response-contingent learning and how practitioner-related differences could be ruled-out as a source of variation in child learning. This was determined by HLM results which indicated that type of intervention was the primary source of variation in rates of child response-contingent learning. This is shown in Table 1 where the sizes of effect controlling for variability associated with differences in practitioners was partialled from the intervention effects. This was also confirmed by the SPSS multilevel, nested design analyses where none of the nested group comparisons were significantly different. The two sets of analyses, taken together, helped identify the fact that type of intervention practices accounted for the major differences in children's rates of learning. This was ascertained by the fact that the between intervention group differences were still present after variability associated with practitioners nested within groups was accounted for in the 3-Level HLM analyses (Table 1) . The methodology described in this paper also illustrates how HLM analyses can be supplemented by other multilevel data analysis procedures to rule-out competing or alternative explanations for observed differences in rates of child learning. In the example described in this paper, the HLM results for the 3-Level analyses indicated that the variability in children's rates of learning was due almost entirely to the differential effects of the contrasting types of response-contingent interventions confirmed by the results from the SPSS multilevel analyses.
Despite the fact that it is generally recommended that multilevel, hierarchical linear modelling include large sample sizes at the different levels in a multilevel model (e.g., Afshartous, 1995; Maas & Hox, 2005; Paccagnella, 2011) , this is often not feasible in studies like the one described in this paper. This is the case because the number of participants potentially available for enrolment is small because of the low prevalence rate of the children's diagnoses or etiologies in the general population. As a result, a study of the sort described in this paper would unlikely ever include recommended sample sizes. This is at least one reason why studies of the response-contingent learning of young children with significant delays have been single participant rather than group design investigations (e.g., Hanson & Hanline, 1985; Lancioni et al., 2001; O'Brien, Glenn, & Cunningham, 1994; Watson, Hayes, & Vietze, 1982) .
There is some evidence that unbiased estimates of fixed effects parameters with a small number of Level-3 groups can be obtained when the effect sizes for the between group differences are large as was the case in the present study (Reise & Duan, 2003) . In fact, the sizes of effect were considerably larger than initially hypothesized based on previously reported nonrandomized study results (e.g., Dunst et al., 2010 , Raab, Dunst, Wilson, & Parkey, 2009 ). The results reported in this paper suggest that in the presence of robust intervention effects and in the absence of variance accounted for by other variables, it is possible to perform multilevel analyses with data involving a small sample size with a small number of cluster groups (see also Moerbeek, 2014) . We explicitly note, however, that the results suggest and do not confirm this assertion. This caveat is noted because few intervention studies of the sort described herein have yielded very large effect sizes for contrasting types of practices.
Conclusion
The study described in this paper is part of a line of research and practice spanning more than 30 years (Dunst, Cushing, & Vance, 1985; Dunst, Raab, Trivette, Parkey et al., 2007; Dunst et al., 2010; Dunst, Raab, Trivette, Wilson et al., 2007; Laub & Dunst, 1974; Raab & Dunst, 1997) . Lessons learned from earlier studies informed progressive changes and improvements in the methods and procedures described in this paper as asset-based response-contingent learning games and routines. This particular approach to intervention with young children with multiple disabilities and significant developmental delays has proven highly effective as evidenced by the sizes of effect for the differences between the asset-based compared to a needs-based approach to intervention with young children with disabilities and delays. These value-added effects were demonstrated by the results from the randomized controlled design study described in this paper and the multilevel, hierarchical linear modelling of the children's response-contingent learning.
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